Introduction
Perinatal factors such as preterm birth and low birthweight (LBW) have significant impacts on the health and well-being of children and adolescents, which have been shown to persist well into adulthood and, indeed, throughout the life course [1] [2] [3] [4] . Prematurity/LBW has long been the second leading cause of infant death in the United States after congenital malformations [5] . While US infant mortality rates due to prematurity and LBW (<2500 grams) have declined markedly over time, preterm (<37 weeks of gestation) infants are still 15 times more likely to die before their birthday than those born at term [5, 6] . Nearly two-thirds of all infant deaths in the USA occur among infants who are born preterm [5] .
Nearly a quarter of all infants born with very low birthweight (<1500 grams) die during the first year of life [5] . The infant mortality rates for very-low-birth-weight (<1500 grams) and moderately low-birth-weight (1500-2499 grams) infants are, respectively, 105 and 6 times higher than the rate for normal-birth-weight infants [5, 6] . Despite the marked improvements in survival rates, preterm and LBW infants remain vulnerable to many physical and mental health problems, including respiratory distress syndrome, asthma and lung disease, cerebral palsy, visual, hearing, and cognitive impairments, and a range of behavioral and developmental disorders [1, 2, 4] . While physical health problems among premature and LBW children are welldocumented, behavioral and mental health problems among them are less well studied [1] . Studies that do exist have reported increased risks of depression, anxiety, behavioral, and conduct disorders among preterm and LBW children, compared with the general population or children who are born at full term or with normal birthweight [2, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Studies have also reported 2-to-4-fold higher rates of more
Methods
Data for the present study came from the 2011-2012 NSCH [22, 23] . The survey was conducted by the National Center for Health Statistics (NCHS), with funding and direction from the Maternal and Child Health Bureau [24, 25] . The purpose of the NSCH was to provide national and statespecific prevalence estimates for a variety of children's health and well-being indicators [24, 25] . The survey included an extensive array of questions about children's health and the family, including parental health, stress and coping behaviors, family activities, and parental concerns about their children [24, 25] . Interviews were conducted with parents, and special emphasis was placed on factors related to children's wellbeing.
The 2011-2012 NSCH was a cross-sectional telephone survey conducted between February 2011 and June 2012 [24, 25] . The two previous rounds of the NSCH were conducted in 2003-2004 and 2007-2008 [25] [26] [27] [28] . The 2011-2012 survey had a sample size of 95,677 children <18 years of age, including a sample of >1,800 children per state [24, 25] . In the survey, a random-digit-dial sample of households with children <18 years of age was selected from each of the 50 states and the District of Columbia. One child was selected from all children in each identified household to be the subject of the survey [24, 25] . Interviews were conducted in English, Spanish, and four Asian languages. The respondent was the parent or guardian who knew most about the child's health status and health care. All survey data were based on parental reports. The interview completion rate for the 2011-2012 NSCH, a measure of the response rate indicating the percentage of completed interviews among known households with children, was 54.1% for the landline sample and 41.2% for the cell phone sample [24, 25] . Substantive and methodological details of the 2011-2012 NSCH are described elsewhere [24] . The NCHS Research Ethics Review Board approved all data collection procedures for the survey.
The sample size for the present analysis was 85,535 children aged 2-17 years. Each of the 10 mental health outcomes studied is defined in Table 1 . Eight specific mental health conditions were considered, with depression, anxiety, and conduct disorders combined into a composite emotional/behavioral problem variable. Additionally, we combined all eight disorders, including depression, anxiety, conduct disorders, autism/ASD, ADD/ADHD, developmental delay, learning disability, and intellectual disability, to define the total prevalence of mental disorders among children ( Figure 1 ). Premature birth and birthweight were the primary covariates of interest. Premature birth is defined as a delivery before 37 completed weeks of gestation [5] . In the survey, prematurity was determined by asking the parents if their child was born prematurely, that is, more than 3 weeks before his/her due date [24] . Parents reported children's birthweight retrospectively. Children with birthweight <53 oz (<1,500 g) were classified as very-low-birth-weight (VLBW) children and those with birthweight between 53 and 88 oz (1500-2499) were classified as moderately low-birth-weight (MLBW) children. Children with birthweight <89 oz (<2500 g) were defined as low-birth-weight (LBW) children and those with ≥89 oz were considered as normal-birth-weight (NBW) children [5] .
Using a life-course/social-determinants-of-health framework and past research as a guide, we considered, in addition to prematurity and birthweight, the following covariates of childhood mental disorders: child's age, sex, race/ethnicity, household composition, metropolitan/nonmetropolitan residence, household/parental education level, and household poverty status measured as a ratio of family income to the poverty threshold [25, [29] [30] [31] [32] [33] [34] [35] . These covariates were measured as shown in Tables 2-6. Income was imputed for 9% of the observations by using a multiple imputation technique [24, 27] . Less than 1% of the observations had missing data on prematurity and 4.8% of the observations had missing data on birthweight. For all other covariates, there were few or no missing cases, which were excluded from the multivariate analyses, yielding an effective sample size of 84,685 for most of the analyses. Based on the questions, "Has a doctor or other health-care provider ever told you that the child had any developmental delay that affects his/her ability to learn? Does the child currently have developmental delay problems?" this indicator is defined for children aged 2-17 years.
(9) Learning disability Based on the questions, "Has a doctor, health-care provider, teacher, or school official ever told you that the child had a learning disability? Does the child currently have a learning disability?" this indicator is defined for children aged 3-17 years.
(10) Intellectual disability/mental retardation Based on the questions, "Has a doctor or other health-care provider ever told you that the child had intellectual disability or mental retardation? Does the child currently have intellectual disability or mental retardation?" This indicator is defined for children aged 2-17 years. groups. Logistic regression was used to examine the association between perinatal factors and mental health problems, after adjusting for the above covariates. To account for the complex sample design of the NSCH, SUDAAN software was used to conduct all statistical analyses [36] .
Results

Descriptive Characteristics of the Study Sample.
Descriptive characteristics of the study sample are shown in Table 2 . Approximately 11.5% of the children aged 2-17 were born prematurely and 9.5% with LBW. Non-Hispanic white children were the largest racial/ethnic group (51.6%), followed by Hispanics (23.6%) and blacks (13.4%). Approximately 22.0% of children lived below the poverty line, and 11.6% of children had parents who had less than a high school education. Nearly one-fifth of children lived in single-mother households and 9.6% of children lived in stepfamily households.
Inequalities in Prevalence and Odds of Overall Mental
Health Problems. The prevalence of mental health problems was higher in premature/LBW children than in term/normalbirth-weight children ( Figure 1 ). The prevalence of mental disorders was 22.9% among children born prematurely, 28.7% among VLBW children, and 18.9% among MLBW children, all significantly higher than the prevalence for term/normal-birth-weight children (<15%) or for the general child population (15.5%) (Figure 1 ). The prevalence of mental disorders was much higher among prematurely born male than female children (27.5% versus 18.0%). Relative risks of mental disorders were largely unchanged after adjusting for socioeconomic and demographic covariates. Preterm children had 82% higher adjusted odds of mental disorders (OR = 1.81; 95% CI = 1.61−2.04) than term children. Male VLBW children had 2.1 times higher adjusted odds (OR = 2.14; 95% CI = 1.39−3.28) and female VLBW children 3.2 times higher odds (OR = 3.15; 95% CI = 2.05−4.85) than their normal-birth-weight counterparts (Figure 1 ).
Inequalities in Prevalence and Odds of Specific Mental
Disorders. Tables 3 and 4 show prevalence of specific mental health problems according to perinatal and sociodemographic characteristics. Approximately 8.1% of children born prematurely had mental/emotional problems (depression, anxiety, or conduct disorders), compared with 5.7% of term children (Table 3) . While prematurity and birthweight differentials in depression were not statistically significant, preterm children had significantly higher prevalence of anxiety (4.7%) and conduct disorder (4.5%) than term children. Both prematurity and birthweight were strongly associated with the prevalence of ASD and other neurobehavioral conditions (Table 4) . Approximately 3.6% of premature children were diagnosed with autism/ASD, compared with 1.7% of term children. There was a birthweight gradient in the ASD prevalence, with 4.5% of VLBW, 2.3% of MLBW, and 1.8% of NBW children being diagnosed with ASD. Nearly 11% of VLBW or premature children had ADD/ADHD, compared with <8% of term/NBW children. The prevalence of development delay was 3-5 times higher among premature/VLBW children than that among term/NBW children. The prevalence rates of learning disability and intellectual disability among premature/LBW children were about two times higher than those among term/NBW children. More than 18% of VLBW children had learning disability, and 3.9% of VLBW children were diagnosed with intellectual disability (Table 4) . Adjustment for socioeconomic and demographic covariate did not attenuate the effects of prematurity and LBW on specific mental disorders. Compared to term children, children born prematurely had 61% higher adjusted odds of serious emotional/behavioral problems, 33% higher odds of depression, and 58% higher odds of anxiety (Table 5 ). Children born prematurely had 2.3 times higher odds of autism/ASD, 1.5 times higher odds of ADD/ADHD, 2.9 times higher odds of development delay, 2.1 times higher odds of learning disability, and 2.7 times higher odds of intellectual disability than those born at term ( Table 6 ). The risk of several mental disorders increased significantly for very-low-birthweight and moderately low-birth-weight children. VLBW children had 3.2 times higher odds of autism/ASD, 1.7 times higher odds of ADHD, 5.4 times higher odds of development delay, and 4.4 times higher odds of intellectual disability than normal-birth-weight children (Table 6 ). LBW was associated with increased risk of emotional/behavioral problems, particularly among female children, with the magnitude of the mental health effects being generally greater for females than males (Table 7) .
Social Factors as Important Predictors of Mental Health
Problems. SES, race/ethnicity, and household structure were significant predictors of mental health problems in the general population as well as among premature/LBW and term/normal-birth-weight children. Children living in poverty had 2.0-3.6 times higher odds of depression, anxiety, and conduct disorders than their most-affluent counterparts. Children in stepfamilies and single-mother households had The effects of prematurity and birthweight were estimated by separate logistic regression models that controlled for age, sex, race/ethnicity, household composition, place of residence, and household education and income levels. 1 Reference group. The effects of prematurity and birthweight were estimated by separate logistic regression models that controlled for age, sex, race/ethnicity, household composition, place of residence, and household education and income levels. 1 Reference group.
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1.7-3.4 times higher odds of depression, anxiety, and conduct disorders than children from two-parent biological families. Black and Hispanic children had 46-50% lower adjusted odds of emotional/behavioral problems than non-Hispanic white children (Table 5) . Although the association between social factors and neurodevelopmental conditions was less pronounced, poor children maintained 1.7-2.0 times higher adjusted odds of ADD/ADHD, intellectual disability, developmental delay, and learning disability than their affluent counterparts (Table 6 ). Although the income gradients in autism/ASD were not consistent, those with higher poverty levels had significantly higher risks than the most-affluent children. Non-Hispanic white children and those in singlemother households remained at significantly higher risk of all neurodevelopmental conditions even after controlling for SES (Table 6 ). Social inequalities in mental health problems were smaller among premature/LBW children than among term/ normal-birth-weight children (data not shown). For example, among premature/LBW children, 27.1% of children in stepfamilies and 20.2% of children in single-mother households had mental health problems, compared with 17.2% of children in two-parent biological families. Among term/normalbirth-weight children, the respective prevalence rates were 21.8%, 20.2%, and 11.3%. Among premature/LBW children, 25.0% of poor children had mental health problems compared with 17.3% of affluent children (adjusted OR = 1.53; 95% CI = 1.11-2.12), whereas among term/normal-birth-weight children, 19.2% of poor children had mental health problems compared with 11.9% of affluent children (adjusted OR = 1.97; 95% CI = 1.66-2.35).
Regression Models with Comorbid Conditions.
We estimated regression models of both the overall emotional/ behavioral problem variable and specific conditions of depression, anxiety, and conduct disorder that included sociodemographic characteristics and prematurity, along with comorbid conditions of ASD, ADD/ADHD, development delay, learning disability, and intellectual disability. The increased risks of mental health problems associated with prematurity were accounted for by these neurodevelopmental conditions, whose effects on emotional/behavioral problems were quite marked (data not shown for brevity). Children diagnosed with autism, ADHD, developmental delay, and learning disability, respectively, had 4.4, 8.4, 3.0, and 2.4 times higher adjusted odds of emotional/behavioral problems than children without such neurodevelopmental conditions. Children diagnosed with autism had 2.1, 4.7, and 3.3 times higher adjusted odds of depression, anxiety, and conduct disorders than children without autism, respectively. Children with ADD/ADHD had 5.8, 4.9, and 14.0 times higher adjusted odds of depression, anxiety, and conduct disorders than children without ADD/ADHD, respectively. In each of the comorbidity models, SES, family structure, and race/ethnicity remained strong risk factors for mental health problems.
The prevalence of mental health problems increased with child's age. Approximately 19.6% of adolescents aged 12-17 had mental health problems, compared with 15.9% of children aged 6-11 and 6.7% of children aged 3-5 years. Given that the prevalence of overall mental health problems and of depression, anxiety, ADHD, learning disability, and intellectual disability were mostly concentrated among older children and adolescents, we explored age interactions by estimating prematurity and LBW models stratified by child's age. However, the age interactions were not statistically significant, and the effects of the prematurity and LBW on mental health problems were similar for younger and older children and adolescents (data not shown).
Discussion
Although the rates of preterm birth and LBW in the USA have declined slightly in recent years, the current rates remain fairly high and represent a 10-16% increase compared to the rates in 1990 [37, 38] . Growing economic, social, and healthcare costs associated with prematurity and LBW are a major public health concern in the USA [1] , and their marked impact on mental health problems during childhood and adolescence, as reported here, adds to the overall health and societal burden associated with prematurity [1] . According to our study, approximately 23% or 1.6 million premature/LBW children and adolescents in the USA are estimated to have one or more mental health problems. In all, 15.5% or an estimated 9.6 million US children aged 3-17 have mental health problems.
To our knowledge, ours is the first large-scale populationbased US study to examine the prevalence of several mental health problems among preterm and LBW children using a nationally representative sample of preschool and schoolaged children and adolescents. The analysis of the large NSCH sample allowed us to study in detail age-and sexspecific variations in the prevalence of some of the rarer mental health conditions such as depression, ASD, and intellectual disability among premature and LBW children. The overall prevalence of mental health problems among premature, VLBW, and MLBW children in our study generally varied from 20% to 30%, which is consistent with the prevalence estimates from other smaller-scale studies using diagnostic evaluations despite their use of extremely low-birth-weight and gestational-age categories [2] .
While our study adds to the current US and international research on mental disorders associated with perinatal conditions, additional research is needed to explain the substantial effects of social factors on mental health outcomes among both premature/LBW and term/normal-birth-weight children. Consideration of additional factors such as adverse neighborhood social conditions, built environments, parental health status, parental stress, family conflict, family cohesiveness, social support, child's exposure to environmental tobacco smoke, alcohol and substance use, excess television viewing or recreational computer use, and physical inactivity may further explain the role of social factors in mental health problems [29, [31] [32] [33] [34] [35] .
Mental health effects of prematurity and LBW reported here are generally consistent with previous research that shows higher risks of mental disorders in children associated with these perinatal outcomes [2, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Compatible with our findings, inverse gestational-age and birth-weight gradients in ADHD and ASD have been reported previously [2, 18, 19, 22] . Additionally, we found a birthweight specific gradient in overall mental health prevalence and in development delay, learning disability, and intellectual disability.
In our study, the association between prematurity/LBW and mental health problems was largely explained by the consideration of neurodevelopmental conditions of ASD, ADHD, and developmental delay. This appears to provide evidence in support of biological pathways through which prematurity and LBW might lead to increased risks of mental health problems [1, 2] . Brain injuries and changes in brain development associated with premature births have been implicated as the causal mechanism for the increased risk of mental disorders in premature/LBW children [2] . However, even in children diagnosed with neurodevelopmental conditions, socioeconomic circumstances, family structure, and race/ethnicity played an important role in determining mental health risks, albeit to a smaller degree than in term/normal-birth-weight children.
A major strength of our study includes estimating the effects of prematurity and LBW on a variety of mental health conditions across the entire age range of childhood and adolescence. Another important contribution of this study is the estimation of overall prevalence of mental disorders in the preterm/LBW and the general child populations. The other strengths of our study include the large sample size, the generalizability of our findings, and examination of whether the effects of prematurity/LBW and socioeconomic factors vary by sex, age, and mental health outcome.
Our study has limitations. Children's mental health conditions in the NSCH were based on parental reports and may not accurately reflect the true prevalence, particularly among older adolescents [32, 33] . However, the prevalence of mental health disorders reported here is consistent with that reported in other epidemiologic studies [2, 39, 40] . Second, the prematurity and birthweight measures in the NSCH may be subject to recall bias, particularly among mothers of older children and adolescents, which may underestimate the prevalence and mental health effects of prematurity/LBW among older adolescents. However, a comparison of rates of prematurity and LBW by child's age in the NSCH and those based on vital records over time shows a substantial agreement. For example, the proportion of children aged 1 year born prematurely in the 2011-2012 NSCH was 12.2%, compared with 12.0% in the 2010 national vital records [37, 38] . Approximately 10% of children aged 17 in the NSCH were premature, compared with 11.0% in the vital records in 1994 [37, 38] . Although LBW in NSCH is not as precisely measured (in grams) as in vital records and is slightly overestimated, the correspondence in birthweight appears to be good between the two data sources. While 9.7% of children aged <1 year in the NSCH were of LBW, the rate from the vital records in 2011 was 8.1% [38] . Approximately 7.8% of children aged 17 in the NSCH were LBW, compared with 7.3% in the vital records in 1994 [37] . Third, because of the cross-sectional nature of the NSCH, causal inferences about the relationships between more contemporary measures of the social and familial environments and childhood mental health problems cannot be drawn [32, 33] . Lastly, as with most sample surveys, the potential for nonresponse bias exists for the NSCH, implying that the sample interviewed differed from the targeted child population in a systematic fashion [25, 27] . Since response rates in the NSCH tend to be lower in urban areas and low-income and ethnic-minority populations, differential nonresponse bias might affect (most likely underestimate) the impact of social factors on mental health problems [27] . However, the nonresponse adjustment to the sampling weights in the NSCH might have reduced the potential magnitude of these biases [27] .
In conclusion, the evidence presented here suggests that premature birth and LBW are significant risk factors for mental health problems among children and adolescents. The most prevalent disorders among premature/LBW children are ADHD, learning disability, developmental delay, and anxiety. Increased mental health surveillance and screening are recommended for children born prematurely and/or with LBW, providing the opportunity for early diagnosis and intervention [2] . Given the important role of social factors in overall and specific mental health problems, including neurodevelopmental conditions, improvements in contemporary social environments as well as socioeconomic circumstances during pregnancy can be vital in preventing and reducing mental health problems in children.
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